Four 'clean label' formulations for fish burgers made with mechanically separated fish meat were characterised in sensory, textural and chemical terms. The formulations differed in the ratios of European sea bass to rainbow trout (50:50 and 30:70) and the ratios of fish to potato flakes (dry matter ratio, DMR: 2.5:1 and 1.5:1). The sensory profile was mainly influenced by DMR. Recipes with the higher DMR were positively correlated with sandy, dry and crusty attributes, salty taste and overall flavour. Soft texture was perceived for recipes with the lower DMR, although no differences in texture were detected by a texturometer. Lowering DMR increased ash and water content and decreased protein content, as expected. The results indicated that 100 g of burger provided more essential fatty acids than the recommended daily intake, irrespective of formulation. In conclusion, multiple factor analysis indicated that the main changes detected and perceived were due to DMR.
Introduction
Awareness of the food we eat and sustainable consumption are topical subjects. The food industry and consumers are increasingly concerned about sustainable production, health and wellness. The industry, for example, has been trying to reduce food wastage, a significant contributor to unsustainability, while consumers are demanding healthy minimally processed food. As underlined by Balasubramaniam et al. (2016) , consumers often read food labels to check whether the ingredients on the label can be found in their own kitchens. If so, they are prepared to purchase the product. The movement away from artificial chemical ingredients is known in the industry as 'clean label' (Saltmarsh, 2014) .
Parallel to this movement, health claims are gaining importance in Western countries. They refer to a food's ability to prevent, manage or treat illness (Martirosyan & Singh, 2015) through known or unknown functional molecules that modulate one or more metabolic processes or pathways in the body. For example, the long-chain omega-3 polyunsaturated fatty acids (PUFA), especially eicosapentaenoic acid (C20:5n3, EPA) and docosahexaenoic acid (C22:6n3, DHA), can reduce the risk of cardiovascular disease, improve mental and visual functions and are involved in inflammatory responses (Hong et al., 2005; Merched et al., 2008; Abuajah et al., 2014) . They may also theoretically lead to a decrease in body fat over time and reduce obesity risk (Wildman, 2016) .
Fish are an important source of EPA and DHA and can therefore be regarded as natural functional food. Fish also contain high-quality protein and essential micronutrients for humans. However, much precious food is lost in the production chain due to processingrelated fish waste (up to 55% of the fish body is typically inedible) and the fact that damaged and noncommercial sized specimens are discarded.
The literature indicates that such fish waste can be viable, sustainable, easy-to-prepare and nutritious food (Palmeira et al., 2016) . Mechanical separation process has been successfully applied to the major aquaculture species on the European market in the case of specimens that cannot be marketed directly due to damage or size (Secci et al., 2016; Borgogno et al., 2017b) . The authors found that due to its fatty acid composition, mechanically separated meat (MSM) of European sea bass (Dicentrarchus labrax), gilthead sea bream (Sparus aurata) and rainbow trout (Oncorhynchus mykiss) was a suitable raw material for high quality fish-based products.
This study was inspired by consumer demand for healthy clean label products, the need to enhance the value of discarded fish and the desire to provide new opportunities for the fishery/aquaculture sector. We focused on testing four 'clean label' formulations for fish burgers made using mechanically separated fish. The sensory, textural and chemical properties of the four formulations were assessed.
Material and methods

Fish burgers
Product recipe development Fish burgers were developed according to three main ideas that emerged from a preliminary Focus Group conducted with Italian consumers (Secci et al., 2017) : fish burgers should be based on a mixture of fresh mechanically separated fish, having a texture resembling minced meat, not meat emulsion, with very few other natural ingredients. We therefore prepared fish burgers from the following materials chosen for their functional properties:
1 Fresh mechanically separated fish of European sea bass (Dicentrarchus labrax) and pigmented rainbow trout (Oncorhynchus mykiss) as protein and lipid sources; 2 Rehydrated potato flakes as starch providing texture; 3 Clear lemon juice as natural source of the antioxidants ascorbic and citric acids; 4 Sodium chloride as flavour enhancer.
Moisture content (MC), fish-to-potato ratio (dry matter ratio, DMR) and mechanically separated fish ratio (MSMR) between pigmented rainbow trout and sea bass were chosen as operating parameters to set up the recipes. Moisture content was set at 72 g 100 g
À1
to make the mixture workable. The DMR was decided on the basis of burger taste: the higher the DMR, the greater the fish taste and the less the potato taste and vice versa. Pigmented rainbow trout and sea bass were chosen because they are species of interest in European aquaculture, good sources of PUFAn3 and PUFAn6, and less vulnerable to mechanical separation than other previously tested species (Secci et al., 2016) .
Four fish burger recipes (R1, R2, R3, R4) were set up with constant moisture, sodium chloride and lemon juice contents, two values of DMR (fish:potato, 2.5:1 and 1.5:1), and two values of MSMR (sea bass:trout, 50:50 and 30:70). These ratios were chosen after a preliminary optimisation based on the workability and appearance of the mixture. The complete composition of the four recipes is reported in the Table S1 . A mass balance was used to weigh the amounts of the ingredients according to an original spread sheet (shown as Table S2 ) which can solve the problem of the usual moisture variations of fish and potato flakes (and any other ingredient chosen by the industry) and should make the experiment more reproducible.
Mechanically separated fish and burger preparation A total quantity of 18.5 kg of rainbow trout (average individual weight 450 AE 50 g) was purchased from a farm in northern Tuscany (Lucca, Italy) and 15.5 kg of sea bass (Dicentrarchus labrax, average individual weight 550 AE 30 g) was purchased from a local farm near Orbetello (Grosseto, Italy). The fish were processed on the premises of a fish-processing company (Grosseto, Italy) where they were gutted and headed before being fed manually into a soft separator (Baader 601, L€ ubeck, Germany) . In a onestep process, the fish carcasses were pressed (level 2.5 machine setting) by the conveyer belt onto the surface of the perforated drum (5-mm hole diameter). Mechanically separated meat passed through the holes, while bones, skin and thicker layers of connective tissue remained on the outside of the drum and were ejected through a discharge chute. Without washing or centrifuging, the MSM was used for burger preparation.
Potato flakes were pur eed with cold water in a semiautomatic kitchen mixer for 10 s; then, MSM of the two species was added and mixed for other 20 s. Five seconds before the end of the mixing time, lemon juice and salt were added without stopping the mixer. The mixture was divided into 100 g portions which were pressed manually in a burger press (La Pressella Rigamonti, Lecco, Italy). Each burger was wrapped individually in cellophane. A total of 120 burgers were produced and frozen at À80°C until sensory, physical and chemical analyses on raw and cooked (oven-baked at 180°C for 35 min, core temperature 80°C) burgers. Three replicates per recipe (i.e. 12 burgers) were set aside for physical and chemical analyses of raw and cooked samples. The other 96 burgers were used for sensory evaluation.
Sensory evaluation
Descriptive analysis
Ten subjects (5 males and 5 females, mean age 31 years) were recruited as panellists. They were regular fish consumers, had no history of disorders of oral perception and were paid to take part in the study. Written informed consent was obtained from each after the experiment had been described to them.
The burgers, each consisting of a 25-g portion served at 50°C, were used for training and evaluation sessions. Panellists participated in three training sessions of about 60 min each. The subjects developed a vocabulary describing differences and similarities between experimental samples in two different sessions, according to a simplified version of the repertory grid method. A main list of 15 attributes was developed (Table 1) which described aroma (ortho-nasal odour), texture, taste and flavour (retro-nasal odour) of burgers. A nine-point scale (1-9 from extremely weak to extremely strong, respectively) was used for intensity ratings. Assessors and panel performance were validated by evaluating two repetitions of a subset of three samples. Data were analysed by multiblock PCA (Tucker-1) and P/MSE plot to assess panel calibration and assessor performance, respectively, using Panel Check software (ver. 1.4.0, Nofima, Trømso, Norway).
The evaluation of samples of each recipe was replicated three times in two sessions. In each session, each panellist evaluated six samples identified by a three-digit code. Samples were presented singly, and presentation order was randomized between subjects and sessions. The order of attributes was randomized between subjects for each sensory mode, and the attributes 'overall aroma' and 'overall flavour' were always at the end of the corresponding list.
Subjects were asked to evaluate aroma, then to take a first bite to evaluate taste and flavour and a second bite for texture evaluation. After evaluation of each sample, subjects rinsed their mouths with water for 30 s, ate plain crackers for 30 s and rinsed their mouths a second time with water for further 30 s. They took a 15-min break after every three samples. Data were collected with the software Fizz (ver. 2.47.B, Biosystemes, Couternon, France).
Laboratory analysis of texture and of proximate and fatty acid compositions Texture measurements were performed using a Zwick Roell Ò texturometer model KAF-TC 0901279 (Zwick GmbH & Co. KG, Ulm, Germany) equipped with a 1 KN load cell and a blade probe. Shear force was determined on the middle part of the burger. Data were collected and analysed by Test-Xpert2 of the Zwick Roell Ò software version 3.0. Moisture, crude protein and ash contents were determined (AOAC, 2012) on raw and cooked burgers.
The total lipid content of the samples was determined according to Folch et al. (1957) , and fatty acid composition was determined by gas chromatography (GC) using a Varian GC 430 instrument (Varian Inc., Palo Alto, CA, USA), equipped with a flame ionisation detector (FID) and a Supelco Omegawax TM 320 capillary column (30 m 9 0.32 mm i.d., 0.25 lm film and polyethylene glycol bonded phase; Supelco, Bellefonte, PA, USA), as described in Secci et al. (2016) . Tricosanoic acid (C23:0) (Supelco) was used as internal standard for fatty acid (FA) quantification through calibration curves (standard Supelco 37 component FAME mix; Supelco). Proximate composition and fatty acid profiles of MSM of sea bass and rainbow trout are published in Borgogno et al. (2017b) .
Statistical analysis
Intensity data from the trained panel were analysed by multi-block PCA (Tucker-1) and by P*MSE plot (Panel Check software, ver. 1.4.0, Nofima Mat, As, Norway) to assess panel calibration and assessor performance, respectively. The Tucker-1 plots did not detect any cases of disagreement between panellists for any attribute. P*MSE plots indicated that all subjects were reliable in terms of product differentiation ability and consistency across replicates. All panellists were therefore retained for data analysis.
Intensity ratings were analysed independently by a two-way ANOVA mixed model (sample as fixed and assessors as random factors), followed by a Fisher LSD post hoc test (significant for P ≤ 0.05). PCA was computed on panel averages of each significant attribute arising from the ANOVA models using The UnscramblerX 10.3 software (Norway). Full cross validation was computed to validate interpretation of the first two components.
Data related to texture and chemical characteristics were processed by two-way ANOVA using PROC GLM of SAS statistical software (SAS, 2004) , where the (Escofier & Pag es, 1994 ) was applied to the sensory and laboratory data set (five data blocks: sensory aroma&flavour, sensory texture, saturated fatty acids, polyunsaturated fatty acids, laboratory determined texture). Product spaces and correlation plots were constructed to visualise sample differences and/or similarities according to sensory, chemical and physical characteristics.
Results and discussion
Sensory evaluation
Overall, sensory assessment indicated that potato content can significantly modify the perceived profile of fish burgers, while the sea bass to trout ratio only marginally affected sensory properties. Indeed, the PCA bi-plot (Fig. 1) showed that samples were mainly discriminated along the first component (PC1: 73% explained variance) in relation to DMR. Recipes with the highest DMR (R1 and R3) clustered on the right side of the map, while those with the lowest DMR (R2 and R4) clustered on the left. Texture varied in relation to DMR: R1 and R3 were positively correlated with sandy, dry and crusty attributes, while soft texture characterized R2 and R4 samples related to their higher potato flake content. Potato flakes are composed of starch, frequently used as a binding agent in meat preparations (Totosaus, 2009) . It is widely accepted that sensory profile has a key role in consumer acceptance and favour. In this sense, recent studies have shown that texture attributes are clear hedonic drivers of fresh fish and fish-derived products (de Quadros et al., 2015; Alexi et al., 2018) . Specifically, juiciness and crumbliness/crunchiness seem to increase consumer hedonic response to different fish species (Alexi et al., 2018) and Serra Spanish Mackerel burgers (Scomberomorus brasiliensis; de Quadros et al., 2015) . On the other hand, attributes like firmness and tenderness do not generate a single response among consumers (de Quadros et al., 2015; Alexi et al., 2018) , probably due to specific attitudes of consumers towards different products, including familiarity.
The high proportion of fish in the R1 and R3 recipes was positively associated with salty taste, higher overall flavour and 'fish' notes (typical aroma and flavour of fresh/raw fish). On the contrary, 'baked fish' (typical aroma and flavour of fish cooked in the oven) and 'starch' (typical aroma and flavour of boiled starchy foods such as rice and potatoes) were the main descriptors of R4 sample flavour. As found for texture, salty taste and fish flavour are other proven drivers of liking for fresh fish and ready to cook fish products (de Quadros et al., 2015; Alexi et al., 2018) . However, when considering tilapia burgers, Ali et al. (2017) showed that the overall acceptability increased significantly (P < 0.05) up to 20% of mashed potato. Considering the present results, it is possible to say that not only can the four recipes be divided into two groups on the basis of fish-to-potato ratio, but they are also characterised by sensory attributes which are mainly linked to hedonic response. Hence, R1 and R3 as well as R2 and R4 could be baselines for the development of products directed at different consumer target groups.
Finally, the variation in sea bass-to-trout ratio only marginally influenced burger sensory properties along the second component (15% of explained variance). This fact could be of economic and other interest for the fish industry: firstly, a high ratio of potato flakes did not induce negative attributes, so recipes can be developed starting with 1.5:1 DMR; secondly, the prevalence (70%) of rainbow trout over sea bass (30%) only weakly affected burger sensory profile. Higher proportions of relatively economical ingredients as potato and trout (cheaper than sea bass) are therefore feasible.
Laboratory analyses
Shear stress was not significantly affected by different percentages of the two fish species or of potato flakes in raw (mean value 8.09 AE 0.05 N) and cooked fish burgers (mean value 9.73 AE 0.32 N). Potato starch is commonly used as an emulsifier in meat products because it boosts the gel strength of protein gel matrix structure (Aktas ß & Genc ßcelep, 2006) determining an increase in shear force (Bushway et al., 1982) , although its percentage seems to have different effects on the texture of the mixture to which it is added. Many authors report that starch is more effective in increasing matrix gel strength when its concentration is less than 3% (Yoon et al., 1997; Zhang et al., 2013) . In addition, Ali et al. (2017) showed that tilapia burgers with 10% or 15% (w/w) of potato starch did not differ in hardness. The present results are in line with those of Ali et al. (2017) since dry potato flakes in recipes with DMRs of 1.5:1 and 2.5:1 were 11.6% and 8.3% (w/w), respectively, and therefore similar to those tested by these authors. Table 2 shows the results of proximate analysis of raw and cooked burger samples. Among the various constituents, significant differences were found for crude protein and ash content, which were only affected by DMR. Recipes with more potato and less fish (DMR 1.5:1) had significantly lower values of crude protein and ash than those with a higher proportion of fish. In line with this, Ali et al. (2017) found that addition of carbohydrate-rich ingredients obviously decreased the protein content of tilapia burgers. Total lipid content did not differ significantly with changes in fish species ratio or DMR. Addition of 10, 15 or 20% mashed potato did not significantly modify the crude fat content of tilapia burgers (Ali et al., 2017) .
Concerning cooked burger composition (Table 2) , water content was significantly higher in the recipes with DMR 1.5:1 than in those with DMR 2.5:1. This may be attributed to the high capacity of potato starch to retain water, in comparison with other types of flour used in cooked meatballs from mechanically deboned quail meat (Ikhlas et al., 2011) . The authors found that potato starch had the second highest moisture retention capacity at 64.67%, exceeded only by cassava flour (64.99%). Crude protein was significantly higher in DMR 2.5:1 burgers than in DMR 1.5:1, due to the paucity of potato protein. Moreover, ash and total lipid content did not show any significant differences among the recipes, as illustrated in Table 2 . Figure 2 is a biplot of texture and proximate analysis results for cooked burgers. As found for the sensory data, the four recipes were separated along the first component according to DMR. Samples with the higher fish content (R1 and R3) associated positively with total lipids, protein and ash content, whereas R2 and R4 clustered on the opposite side of the map, showing a positive association with moisture content. Interestingly, the positions of R2 and R4 indicated a positive association of potato flake content with shear stress due to the composite reinforcing effect of starch in the meat gels, whereby absorption of water embedded in the protein gel matrix by starch granules tends to compress the matrix as the starch swells during cooking, thus resulting in a more compact product (Tee & Siow, 2017) . Table 2 shows the fatty acid composition (g 100 g
À1
of total fatty acids) of differently formulated raw fish burgers. Only a few differences emerge, despite the different fish species ratios and DMRs. Specifically, the recipes containing more trout (MSMR 30:70) were significantly poorer in certain MUFA (C16:1n7, C20:1n9) which, however, did not reduce the overall MUFA content.
No differences emerged in the fatty acid composition of cooked burgers (Table 2) , apart from C18:3n3, which was lower in 30:70 than in 50:50 burgers. The overall fatty acid profile of these products was good: SFA did not exceed 16 g 100 g À1 of total fatty acid and the MUFA fraction was mainly composed of oleic acid (C18:1n9), the nutritional importance of which has been highlighted in relation to its role in controlling the processes responsible for development of colorectal cancer (Llor et al., 2003) . Furthermore, the present results revealed that a portion (100 g) of all four recipes contained around 0.400 g of EPA+DHA.
According to FAO/WHO (2008) , the recommended daily intake of EPA+DHA for adult males and nonpregnant/nonlactating adult females is 0.250 g day À1 , Table 2 Moisture, crude protein, ash, total lipids (g 100 g À1 of burger) and fatty acid composition (g 100 g À1 total fatty acids) content of raw and cooked fish burgers distinguished by the ratios of the two fish species (sea bass:rainbow trout 50:50 and 30:70) and the fish-to-potato ratios (2.5:1 and 1.5:1) The percentages of the fatty acids C12:0, C13:0, C14:1, C15:0, C16:2n4, C17:0, C16:3n4, C17:1, C16:4n1, C16:1n9, C18:2n4, C18:3n6, C18:3n4, C18:4n3, C18:4n1, C20:0, C20:1n11, C20:1n7, C20:2n6, C20:3n6, C20:3n3, C20:4n3, C20:4n6, C22:0, C22:1n11, C22:1n9, C22:1n7, C22:2n6, C21:5n3, C24:4n6, C22:5n6, C24:0, present at a level lower than 1.5 g 100 g À1 of total FAs were utilised to calculate Σ of the lipid fractions, but were not reported in the which rises to 0.300 g day À1 for pregnant and lactating women. One burger (100 g) obtained with any of the MSM-based recipes tested therefore provides more than the suggested daily intake of EPA+DHA.
Differences according to sensory and laboratory characterisation
Multiple factor analysis provides useful information on the main associations between the different groups of variables and was successfully used to explore the contribution of the sensory and laboratory data sets for food sample characterisation (Morvan et al., 2003;  Valente et al., 2011) . It was carried out on the combined data, namely intensity of sensory attributes describing aroma and flavour, intensity of sensory descriptors of texture, PUFA and SFA concentrations and laboratory descriptors of texture. Figure 3 summarises differences and similarities across samples. The four recipes were distributed along the first component (F1) in relation to DMR. RV coefficients, reported in Table 3 , indicated a shared sample configuration across sensory data (aroma&flavour: A&F, and texture: TxS), and fatty acid categories. Borgogno et al. (2017a) recently showed that SFAs positively correlated with metallic aroma/flavour, overall flavour and tenderness of boiled rainbow trout (Oncorhynchus mykiss) and that MUFAs correlated positively with boiled fish flavour and overall aroma, thus confirming the relations found in the present trial. In addition, sample discrimination according to sensory texture (TxS) had a low RV coefficient with respect to laboratory determined texture (TxI) which means that the two parameters did not discriminate samples in the same way. This fact agreed with Ali et al. (2017) who found a discrepancy between measured textural parameters, such as hardness, and the texture sensory descriptors in tilapia burgers containing different percentages of mashed potato (10% and 15%). Specifically, laboratory analysis did not reveal any difference in hardness of burgers while panellists were able to discriminate samples on the basis of texture sensory properties.
Conclusion
Enhanced use of normally discarded fish through the development of fish burgers based on four clean label formulations of high nutritional value was achieved in this study with a mixture of fresh mechanically separated fish meat. The ready-to-cook products, thus achieved, prevent waste of not directly marketable specimens through recipes containing only simple natural ingredients. The four formulations used gave rise to products with different characteristics in terms of sensory properties and protein content, while high nutritional value was guaranteed by their fatty acid composition. The main changes detected and perceived seemed to be due to the fish to potato ratio, as underlined by multiple factor analysis, while the prevalence of rainbow trout over the more expensive sea bass did not substantially modify burger characteristics. This finding is certainly of interest to the fish industry as it reduces production costs. In addition, these results could help optimise fish burger formulations to match the tastes and expectations of different consumer groups. Indeed, consumers less familiar with fish (such as children) would prefer the formulation higher in potato content, with its softer texture and more delicate flavour. On the other hand, consumers who like fish would prefer the formulation higher in fish content and characterised by fresh/raw fish olfactory notes. Further research on shelf life and consumers studies are suggested.
